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Abstract
	
Bioindicators are organisms used to characterise the health of the ecosystems. One of the key aims of research on bioindicators is to ‘identify’ species or other taxonomic units that would reliably indicate disturbances in the environment, and reflect the responses of other species or the overall biodiversity. However, there is no perfect bioindicator and selecting the most suitable one depends to a great extent on the goal of the survey. In this study the suitability of select beetle families as bioindicators to monitor human influence on forest ecosystems was undertaken. Beetles have been used in forest ecosystems where their species number and/or abundances change along a habitat disturbance gradient; a common trend being that large, poorly dispersing specialist species decrease with increased disturbance while small generalist species with good dispersal ability increase. Some species are not affected by moderate disturbance.  

Recently, a lot of work has been done on many Coleopteran families like Carabidae, Cicindelidae, Staphylinidae, Scarabaeidae and Psephenidae to designate and use them as ecological indicators for many purposes apart from other orders of class Insecta like Ephemeroptera, Plecoptera and Trichoptera. There is a distinct advantage of using Coleoptera to other groups because they fit in, for more criteria for suitability to, as bioindicators. The idea is to study a representative sample of an ecosystem that can provide quick, yet reliable information. The presence and condition of beetles gives more accurate information about the health of the ecosystem because their behaviour is directly related to the anthropogenic-induced landscape modification in the form of agricultural fields, plantations, and urbanisation. This indicator measures for the habitat that is to be physically protected, where endangered species are known to occur, with good soil characteristics, coverage of invasive species within protected areas and protection of high priority habitats in future.

The purpose of this research work is to find out the status of beetles in a biogeographically significant area of Simbalbara Wildlife Sanctuary, Himachal Pradesh in Shivalik Himalaya in north western India; and to assess their potential role to assess the human influence on forest ecosystem on a more local scale. Further, patterns of species biodiversity, taxonomy, and their suitability as bioindicator were explored using a set of standard methods and ecological indexes. The set of methods and indexes used in this work is similar in many ways to the measures used or proposed elsewhere; but the objective is to determine the suitability and application of bioindicators for monitoring and inventorying study at a local scale; and how well they can be applied to a larger scale. 

Diversity Patterns of Beetles (Coleoptera) in Simbalbara Wildlife Sanctuary, Himachal Pradesh

The order of Coleoptera (Insecta) is by far the largest not only in phylum Arthropoda but also in the entire animal kingdom; and it includes more species known to science than any other order. The most authoritative calculations indicate that already now more than 350,000 species of beetles have been described in about 190 families across the world; in India, about 15,501 beetle species are found. Their sheer number and ecological status is manifested in numerous roles they play in the biosphere. Benefits from beetles are both economical and environmental; and besides dominating the food chains and food webs in biomass and species richness, nutrient recycling, plant propagation, maintenance of plant and animal community composition and structure, and food for insectivorous vertebrates; some beetles are the major pest of standing and stored forest produce, decomposers in nutrient cycle, pollinators, and biological control agents. 

Present study deals with determining the beetle diversity and composition in various microhabitats in Simbalbara Wildlife Sanctuary, Himachal Pradesh characterised by Sal (Shorea robusta) dominated forest ecosystems. The study was carried out from September 2005 to August 2008 to obtain reliable data in different seasons across 13 microhabitats in and around the sanctuary. Sampling for beetles in each microhabitat was carried out following different methods to capture beetles from different forest strata. A total of 5,404 adult beetles were captured representing five families, 95 genera and 194 species. Using the abundance-based estimator, Chao1, the predicted richness for the total area sampled is 206.88± 2.66 (SD), species. This indicates that the inventory was almost complete at the regional scale (92%). The species richness was highest in mixed forest habitats compared to open forest habitats and plantations. 

Comparison of different habitats revealed that species composition was much more similar in the vegetation type with similar dominant tree species than among different vegetation types with dissimilar tree species. Thus, the study revealed the relative importance of diverse microhabitat types on diversity and composition of beetle assemblages.

Bioindicator Families of Coleoptera and their Taxonomy

Sustainable forest management is a widely held international goal and monitoring indicators of sustainability has been proposed as a mechanism for assessing sustainability. The urgency with which meaningful, practical and immediate assessments of sustainability must be developed is highlighted by the fact that national and international sustainable forest management certification systems are expanding rapidly and influencing market demand. Monitoring a few indicator species is an intuitively appealing method of measuring the ecological sustainability of forest management because it is impossible to measure and monitor the effects of forest management on all species or environmental conditions of interest. 

In the present study for determining the bioindicator families, the degree of habitat specificity for each species of a family was calculated and quantified using Bulla’s diversity index (H’) followed by indicator species analysis. All those families that showed the mean H’ more than 11.00 and observed indicator value (IndVal) less than 10 were excluded from further analyses as they were considered inappropriate to meet the criterion of a bioindicator taxon. Thus, out of 66 families, five families of beetles viz. Carabidae (Ground beetles, 36 species), Cicindelidae (Tiger beetles, 25 species), Scarabaeidae (Dung beetles, 66 species), Staphylinidae (Rove beetles, 15 species) and Cerambycidae (Long-horned beetles, 52 species) were found to be the appropriate for the purpose of bioindicator taxon to ‘monitor’ habitat conditions; and each species were taxonomically identified  subsequently.

Potential Use of Bioindicator Families as Indicator for Monitoring Human Influence on Forest Ecosystems

Anthropogenic-induced demographic changes have the best-documented effects on genetic diversity, reducing both species diversity and intraspecific diversity. Changing patterns of land use and the impact of socio-economic factors on forest management practices have brought about major changes in forest ecosystems. There is a need to study the influence of multiple use management on ecosystem stability and social structures, especially in regions where forest areas and human settlements are situated in proximity to one another. The present study analyses the effect of local habitat variables and environmental factors in control and experiment plots on regional beetles’ species richness and diversity. The underlying objective was to find out the nature of assemblage patterns conferred by habitat variables and other environmental factors pertaining to monitor the human influence on forest ecosystems. 

The habitat heterogeneity hypothesis states that the more complex the habitat, the higher the species diversity and structure; and it was inadvertently found true for the richness and diversity of the beetle species. Bioindicator beetle families were modeled using multiple regression and a set of independent variables extracted from canonical correspondence analysis ordination of vegetation, microclimate and disturbance variables. Habitat variables viz. average tree and shrub density, average girth at breast height and canopy cover, litter layer, pH, plant species richness were found to be important predictors for assemblages apart from few anthropogenic disturbance variables like fuelwood collection, fire, grazing and lopping. The effect of disturbance was significant between primary and logged forest; and it indicates that the logged forests can recovered rapidly in floristics in a time dependent manner. 

Further from the management perspective maintaining the understorey vegetation or ground cover may be important for sustaining the diversity of beetles. Maintenance of such forests habitats can provide overwintering refuge sites for many predatory species. The results from this study indicate that the loss of species richness and abundance of beetles, and changes in beetle composition can occur in severely disturbed environment. Consequently, these results support the establishment or maintenance of mixed forest patches in such environments

